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Definitions

Radiocolloid. Colloids of radioactive species. Probably
formed from hydrolysis of actinides.

Natural colloids. Non-radloactwe colloidal particles
in natural waters.

Solute. Radioactive species in solution.

Pseudocolloids. Natural colloids which have sorbed
radioactive solute.
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1. Fluid flow

The continuity equation for steady, incompressible flow around \_/

an infinite cylinder
v v(#,0)=0, ' 1)
where # is the radial coordinate [L],

@ is the angular coordinate [L], and
¥(#, 0) is the vector of pore velocity symmetric over 0 = =.

The velocity vector can be decomposed into the radial and an-
gular components |

. a2 . &
0 =-—Ugcos@ (1 - *—z) ér +Us5in @ (1+7~E) 69’
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2. Colloid concentration
The steady-state governing equation for colloid concentration in
porous media is

v J#,0)+5G,0) =0, 3)
h . -
where . o .. 5 o
V=5 T %050

and J(#, 0) is the colloidal mass flax [M/L2-t],

a is the waste cylinder radius [L],

Dy is the diffusion coefficient of colloid in liquid [L%/t],

€, is the unit vector in the # direction,

€g is the unit vector in the 8 direction, and

S(#, 8) is the colloid filtration rate per unit volume of liquid per
unit time [M/L3-t].




The colloidal mass flux per unit area per unit time is defined as

- . 8C(#, 0 18G4, 0
i#,0) = ¢, 0CF,0)— Dy [_é_;%’_la, + ;_T;;’—)ae ], W

®)

We need to evaluate the filtration rate term S (#, @) in cylindrical
geometry.

a A a a2\ 12 a2\ 12
S#,0) = AULC(#,0) [cose (1 — -’;3)] + [sino (1 + Tz)]

. (6)
where A is a filtration coefficient for colloids, [1/L], to be deter-

mined.

We solve numerically for the radiocolloid flux from the waste.
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Figure 1. Normalized Neptunium Concentrations from the
Experiment and Our Prediction Based on Bimodal
Distribution of Filtration Coefficient as a Function
of Distance Away from Inlet
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We consider one-dimensional advective-diffusive transport within the fracture, and assume that the colloids
are too large to diffuse into the rock matrix. Neglecting the possible colloid filtration within a fracture, the
governing equation of pseudocolloid migration in the fracture is

8ci(z, t) 8ci(z,t) 8cy(z, 1)

GI&T + GIEI"I‘—G';—‘ + €1S1(x, t) + €1S:(z, t) — 161D Dol + €161Ac; = 0,

zc>0t>0

where ¢; is the ratio of liquid volume to total volume in the fracture {-],

ci(z, t) is the amount of species sorbed on the colloid per unit volume of solid colloid [M/L?],
v is the colloid pore velocity {L/],

D is the colloid dispersion coefficient [L/t],

A is the decay constant [1/t], '

€1 is the porosity within the fracture [-],

£, is the constant volume fraction of colloids in fracture liquid {-],

'€1Si(, t) is the rate of sorption to stationary solid [M/L? — t],

and €;S,(z, t) is the rate of desorpticjnf from the pseudocolloid [M/L? — ).

For the same species as solute in liquid in the fracture

t 8 t ot t
E;———-acz(x’ ) + €|vz———CZ(z’ ) -— el.S';(z, t)-l- 6;53(2, t) — €1Dz——cz“:’ ) + €|AC; + q(x’ b
8t 8z : 8z -

where

c1(z, t) is the solute concentration in the fracture liquid [M/L3],

v, is the solute pore velocity [M/t],

€1S3(z, t) is the rate of solute sorption on stationary fracture solids [(M/L3 — t],
b is the fracture half-width [L},

=0,z>0,t >0

[\ Y, N\



and q(x, t) is the diffusive solute flux into the rock matrix [M/L2-t], given by
ON(z,y,t)
8y v=b’

g(zyt) = —€, Dy z >0, t>0

" where ¢, is the rock pomslty -1
D, is the solute diffusion coefficient in water in porous rock [L2#t],
and N(z,y,t) is the solute concentration in pore water in the rock matrix [M/L3].

For solute species sorbed on stationary fracture solids
Oci(z, t
a- En)—% — €153(z, 1) + (1 — €))Acs(z, ) =0, x>0, t>0

where c3(z, t) is the concentration of sorbed solute species [M/L3].

For pseudocolloids on the stationary fracture solids

- e.)ezac‘(‘:’t) —aSi(e, 0+ (- e)fdarle ) =0, = >0,t>0

where §; is the constant volume fraction of the sorbed colloid per unit volume of the stationary fracture
solld [-].

Inside the rock matrix
8N(z,t 8'N(z,t) -
Rp——art—’l Dp—g(—{’— + R,AN(z,t)=0, >0, t>0, y>0
where R, is the solute retardation coefficient in the rock matrix [-].

Linear sorption equilibrium between the solute species in the fracture liquid and the same species sorbed
on the colloid is assumed. Both the solute species and the colloids in the fracture liquid are assumed to



undergo the linear sorption equilibrium with the fracture solids

Kq = Z (-]
“es(, )
%" ez, )’ =)
ci(x,t)
Ka,= ca(z,t)’ -]

Adding the above equations, an equation for c; is obtained in terms of an effective retardation factor R,

an effective dispersion coefficient D, and the retarded velocity v.

8ci(z,t) Bei(z,t). 8%¢(z, t)
R—— %8, ~P%=
where
[El(l + Kd.)] [1 + Kd,] 7
Rt (& ¥ Kd,vl)

D D:
D =Dy (5‘ ¥ Dan,)

Then the apparent migration front velocity of solute is

(fl i Kd,vn)

V =

q(z

z,1)

RAcy(z,t) + b =0,z

€1

we

fe ()] 1

“ —

Ka| 2

z>0t>0

(*)



where

dVv vy vz )
=A - K% >0
dKg, (R! R-2) %~

iR,
[51 (1 +

| €1 2
Kd') ( €1 Kdz) K"]

Solving eq.(*) with the following initial and boundary conditions

N(z,00,t) =0, z>0 t>0
1
ds
N(z,y,0) =0, z >0, U>o
.c;(O,‘t) = Kg,co, t>0
cr(co,8) = 0, >0
ci(z,0) =0, z>0

where cg is the inlet solute concentration, we get the solution for the pseudocolloid concentration.
2Kq4,c,

= by

Q=

exp{fi}erfe [fi] exp [fs]dn 20,6 >0

where

v24+4RA\D — v
fi=— L z
2D




fr= z?e, /DR, Ky,

8Dben?, [t — B=

zv \?
fs=- (n— 4Dn)

With FILTRATION, the first equation becomes

Bcl(zs t) Ocy(z,t) | 8%cy(z,t)

edi—p— + aliti———+ a1Si(@, ) + €152, 8) — 1D — 5+ ellider + a€ivides =

z>0,t>0

where A is a filtration coefficient of radioactive solute sorbed on natural colloids inside the fracture, [1/L].
The solution for ¢y remains the same except for

2K d;Co oo
= f

exp {f})erde [fr]exp[fs)dn = >0, t>0

Jr e /7D
where
fl* __ Jvi+4R*D — vm
2D
and ,
| €1
[&. (A+ KM\H:,A)] + [l + Ka,
€1 Kd,
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Where do we go from here?

We have developed some analytic means for predicting colloid generation
and migration rates.

In so doing we have identified some parameters that need to be measured
in laboratory and field studies:

filtration coefficients
sorption coefficients
diffusion coefficients

Do we know what these values are? Can they be measured? Can we
bound the colloid problem if we have some idea of these values?

Is this an approach to performance assessment?

Is colloids a problem in radioactive waste disposal'?



Ch—g C\noﬂo . FSU

Natural Macromoiecuiar Polyelectrolytes
| (Humlss,Fulwcs)

A. Strong Complexors: '
eg., * 1 ppm; UOzHu : Uo,f+ = 500-5000
B. Colloid Formers: |
as colloids themselves or as coatings on
surfaces on mmeral colloids
C. Strong Reductants |
qumone type’ structures have E ca. 0.7v
PUOZ = pU(OH) |
D. Photolyze:
produce peroxide in surface waters,
increases reduction strength



Metal — Humate Stability Constants

HA pH  log B Method  Analysis
Aldrich 6.0 6.27-0.04 LPAS a
Gohy 6.0 .6.68-0.47 UV Spec a
Brad. 6.0 6.16-0.38 UV Spec a
Brad. 6.0 6.53-0.30 Ultrafilt a
Brad. 4.5 8.2-1.0  Sol Extr b
Brad. 4_.65 7.0-0.3 Spec | b

a: assumes Am binds to 3 -CO, .

b: based on free -CO. groups per L. of
solution.



Separation
J-13 well water acidified to pH 2 (w. HCI),

Passed through columns of XAD-8
macroporous resin at 3 - 6 gal/hr.,

Humics stripped with 0.1 M NaOH.
Eluant adjusted to pHa2 and passed

through XAD-8, then stripped with 0.1 M
NaOH, repeated twice more.



g)

Separation (continued)

Almost 3000 gal. reduced 2.5 | after 3
columns.

Freezed dried, then purified_ by several
cycles of dissolution in base, precipitation
in acid with ultrafiltration.

Overall yield of 60 mg HA, 15 mg FA.



UV-VIS Absorbance

a) Humics characterized by ratio of
absorbances at 465 and 665 nm
(E,/E; ratio.)

b) E,/E;: 4 -8 for humics.

c¢) E,/E;: 4.1 for HA and 4.4 for FA from
J-13.



b)

Infrared Spectra

Spectra of HA and FA from J-13 similar to

those of aquatic and lake sediments.

The spectra differ noticeable from HA -
spectra from soil samples.



Other Properties

a) C-13 nmr - typical of low mole. wt. équatic
FA and HA.

b) pH titration - 2.7 meq/g (-CO,H)/g FA
- 4.6 meq/g (-CO,H)/g FA

pKa(a=0.5) = 4.6 FA
= 5.6 HA

Properties are all typical of aquatic humics.
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Intensity
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Chemical shift in ppm (6)

The CP/MAS C-13 NMR spectrum of the J-13 water
humic acid.



Resonance

(b) ﬂ
Humic acid from coastal
sediment in Bahama

o
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b)

Binding Studies

Used solvent extraction method:
0.1 M (NaClO,) + HDEHP in toluene

D vs [-CO,] requires two parameters, £,
and 8,.

log By = (7.57+1.43)a + (4.47+0.49)
log B, = (2.68+0.54)a + (10.70+0.18)

-/



6.9
8.2

9.5e-5
1.1e-4

0.03
0.02

Cal

AmHu AmCo, Am(CO,),

1.0
1.0

lated Speciation

No Ca*?

1e-4
3e-4

neg
6e-5

Corrected for Ca*?

10.93
. 0.41

0.04
0.43

neg
- 0.09

Am(OH)
2e-5
4e-5

0.005
0.05




Conclusions
Am(Ill) - HA could affect significantly.

UO,*2 - HA probably would not affect unless
TOC > 0.2 ppm

- PuO,’, PuO,™ - would be reduced to Pu(iv) by -
. HA,



Particulate Materlal in Well J-13 Water
J. F Kerrisk and A. Ogard

e Objective
o Assess the potential for significant radionuclide
transport on particulates in flowing groundwater

e Why Well J-13 water?

 Established'well (1963)
e Routinely pumped
* Close to Yucca Mountain
e Topopah Spring Member

o Reference: LA-10929-Ms

Los Alamos

R - —
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Sample Collection

~1 l/min -
>10um — Hollow
. Fiber
T Filter
1 5 nm
Membrane 53001 of water
Filter | |
0.4 um
93001 of water
Los Alamos




Sample Analysis

* Membrane Filters (> 0.4 um)
e Water wash, centrifuge, alcohol wash, dry
e Weigh
* 0.25 g solid from 9300 1 of water
e 2.7 x 105 g solid/l water
e Elemental. analysis -
e Hollow Fiber (0.4 um - 5 nm)
e Backflush |
e ~ 0.0025 g solid from 5300 1 of water
e Elemental anal.ysis

Los Alamos




~ Cation Composition of
o Partlculate Samples
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Effect of Particulates in J-13 Water
. on Radipnucllde Transport
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Occurrence,
Composition

and Properties

‘of Colloidal Particles at the NTS
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* Potential Significance of Colloids

| i .
mobile binding .sites competitive with .. ..

fixed sites on rock matrix

“accelerated transport of contaminants .
via size exclusion

G
- i
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SOH," = SOH + H,

K = (SOH)(H," )/(SOH;" )

(Ho') = (H)exp(-ewurkty




physical properties .emphé.ﬁzed e

bulk electrolyte determines charge at surface, o,

dilute solutes not addressed

no surface complexation or ’ion pairs’ (Yates)

P

assumes nonporous plana'r_ interface




- Surface Complex Formation

[M*], = [M*lexp(-ed/kt)

[SO-M] = Ku[SOTM Joxp(-oun/kt)




Validity of Model Assumptions

_ Hard surfaced p’articllesff'b:est

~ Surface chemistry ?

clean inorganic surfaces




Collection of groundwater »'sah‘{ples’“ at 23 sites
‘Determination of mass abundance OfCOHOIdSbyS|ze

“Determination of Composit’ion; of,:.'pa"rtviCl"e‘s'f}by‘;‘_s’i,z_e 4




METHODS

 Pressure cell filtration at' 20 psug‘l .08 micron
Size Exclusion Chromatography: 20-2 nm, O'-;"1MNaCI’A'

- Infrared. Spectroscopy: 6x Beam Condenser: . =




~ Mass Distr |but lo no el e

MIN. MAX MEAN STD. DEV.
0.03 3.89 048  0.865
0.05 5.87 047 - t2t

0.03 417 037 0877

0.13 1.83 0.33  0.36

“mg/I retentate on filters with size giveh in micromejt‘e‘rs'




- Size-Exclusion Peaks

Ash Spring 15 nm
Beatty Well e
Cold Creek ’

Crystal P.o;ol
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Gel model mlght be better than double Iayer mode| -
reduoed effectlve potentlal q:,, :

- similarly for surface complexatlon




PARTICULATE ORGANIC CARBON

LOGATN ~ t0¢ . DOGC |

WELL C 0.4 ( 0.5) 04 ( 0.2)

UE16D 0.4 ( 0.5) 04 (04)

WELL 8 <01 (01) <01 (01

~ mg/l as carbon, () untreated samples .~ ;. %




~ SIGNIFICANGE OF ORGANIC COATING

: o
f X

- effeot}stability of colloid to coagulatsion. o
effect colloid mobility

_'effect_ binding of contaminants to pérticle I
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SUMMARY

" colloidal particles present ov_ﬁ_‘avg*._0;15"'mg/'| ‘
- composition like silica gel, some clay-like

- possible orAganicooatAing.




Characterization of inorganic colloids from some

NTS well waters L
"1 B.E. Viani
S.1. Martin
Lawrence Livermore National Laboratory
M. ten Brink

USGS




Characterization | L

° Samples collected from pumped wells

s lli LIt 'sdi zgl ‘.",;et
® Mass determlned by ﬂltratlon

- .
.. o
.a,. PR

: X ,g.,di . |
.: ki l;“ ‘,
o  Phases lde " ‘tlﬂed wahED and XRD

¢ Individual phase compositions measured by EDXS



NTS groundwater colloids L
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Colloid concentrations in some NTS waters

. @ ‘T’i‘ o

Partlcles captured bv 0 01 5 um membrane filters

.....

‘Well Partlcles TDS
AR f 1,;‘, mglL mg/L
451..3?...;. e 14 oYY
UE-190. . 3.1 151
UE-20n-1 5.1 056
5S¢ 1.1 - 381




Preparation of samples for TEM analysis

_ sample
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Well J-13 -
Mica




Well J-13 -
Hematite

1.0 pm




Well J-13 -
lllite
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Well 19c¢c -
Cristobalite

Counts




Well 19c -
Amorphous silica

10 ym




Well 5¢ -
Hematite




Topopah Springs tuff fracture flow expenment -
0.05 m/day - f
Hematite | LL -

1.0 um




~ Topopah Springs tuff fracture flow experiment -
0.05 m/day -
Quartz




Conclusions | L

e  Most of the inorganic phases identified are consistent with
minerals in formation.

e  Contamination inferred from presence of exotic phases or
compositions.

e  Different wells display differences in mineralogy.
- Well J-13:  Iron oxides, layer silicates, and Ca-phase
- Well 5¢: iron oxides and layer silicates
- Well 19¢:  Silicon oxides

e Particles that are damaged by the electron beam, and those that
are not captured by the holey-carbon-film are not sampled.

e Inorganic colloids in “clean” groundwaters and those generated
. in core-flow experiments are readily detected and identified
using this method.

o ~ ® o
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Direct Quantification of Organic Material

in NTS Well Waters

1=

Cynthia E. A. Palmer
Robert J. Silva
Howard L. Hall
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David A. Wruck




Total organic carbon in NTS well water LE

Sample Preservation Method

NTS Well A B C D E
4 10229  0.113  0.00951 -0.0626  0.0203
8 0.247  0.507 -0.0587 — =0.0154
16D 0.227 0.135 0.00914 -0.0386  0.0157
20W 0.254  0.153 -0.0213 -0.0776  0.0262

Cane Springs 0.551 0.416 0.254 0.233 0.268

Methods A: H,PO,, light, ambient temperature, plastic bottle
B: H,SO, , dark, cold room, plastic bottle
C: H,S80, ,dark, cold room, glass bottle (EPA protocol)
D: H,SO,, light, ambient temperature, glass bottle

E: NaN/da , H,S0,, dark, cold room, glass bottle (Whitbeck
| protocol)

N-*e: Aldrich Humic Acid (Na salt) 4* 78% C by weight
) o NP2 N\,




Technical Issues

« Appropriate "zero"

« High concentration of inorganic carbon measured before
low organic carbon concentration
- adjustpHto~3
— bubble Ar through sample ~ 30 minutes
— three determinations of [TOC]

. Standard Additions '




Analyses of H, O Background lg

Milli-Q H,0 B. 281
Milli-Q H,0 B.222
Milli-Q H,O B. 151
HPLC H,0 |

lowest NTS groundwater

Detector Response

(mV)

32.391
52.054
51.398
20.484
13.389




Charge Transfer Fluorescence Determination [Q

Complex - A Laser Excitation - *
Groundwater Eu-organic ). Eu-organic
< 0.20 ppm TOC Formation of organic ligand

+ with 354 nm light

100 ppm Eu+3

Charge Fluorescence
— » Eu-organic

, ,
Eu-organic Eu-organic”

Transfer




Effects of varying concentration of Humic Acid llg
[Eu*®] =100 ppm pH =5.24
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Effect of varying pH

[Eu*3] =100 ppm [HA] = 300 ppb

200

180 1
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N .
o o
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Peak Height (mm)

—=- 492 nm —=-613 nm —&— 492nm/6 13nm |

Peak Ratio {6 13nm/492nm)




Technical Issues

- Precipitation formed in well water samples
« Photodegradation of material in well water samples

« * Eu fluorescence observed

« Tunable excitation

+ T

- Less powerful excitation source




Swedlish Effort

Absorb
DEAE - Qellulose
Desorb

03 pe ™
NaOH
Acidify

, I ,

I I
Soluble Insoluble
Adsorb o : Adsorb

XAD-8 XAD-8
Desorb -~ Desorb
0.1 pe ™ 0.1 e "
NaOH Na?H
lon exchange lon exchange
Lyo%hilize Lyop?ilize
Fulvic Acid Humic Acid




‘Technical Issues | LQ

« No acidification of well water required

« Unsuccessful at rinsing DEAE free of organic material
before loading well water

« Laser light scatteringJ

« Flow cytometry




RADIONUCLIDE MIGRATION AT THE NEVADA TEST SITE
JAMES R. HUNT

DEPARTMENT OF CIVIL ENGINEERING
UNIVERSITY OF CALIFORNIA AT BERKELEY

SUPPORT:
HYDROLOGY AND RADIONUCLIDE MIGRATION PROGRAM
LAWRENCE LIVERMORE NATIONAL LABORATORY
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CAMBRIC SITE CROSS SECTION

! Depth
. {m)
! Cambric
| RNM-25 USe RNM-1 Surfacs 3132
;_ R ~Y(5/15/65) (6/20/74) 7]
\ 100—
i Alluvium
i Estimated
| /_ chimney
: |
i
| Radius (10.9 m) 200—
| L7/
}“ £ 218 m water level
| -
|
Pump i
{300 m) :
N 91m /j . 300
l \Working point (294.3 m)
Perforations
(316 and 340 m) 400—

Stratiqre.phic unit (maters
Alluvium (0-690)
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Figure 2.1. Vertical section of the Cheshire study area, showing schematically the relationship be-
tween the UE20n-1 satellite well and the cavity and formation sampling points in the U20nPS hole.
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The hypothesized direction of groundwater movement is upward from the cavity through the chimney
to the upper permeable zone, and then laterally to the formation and satellite sampling points.

)



PARTICLE CONCENTRATIONS BY SEQUENTIAL ULTRAFILTRATION

LOCATION SIZE RANGE CONCENTRATION
CAVITY 200-6 nm 55 mg/L

| 50-3 10

FORMATION 50-3 4

Buddsraronamd Wad L115F)




TRANSPORT OF RADIONUCLIDES FROM THE CAVITY

HALF LIFE | FORMATION |FRACTION | SATELUTE
RADIONUCLIDE lyl TO CAVITY |DissoLveD | 1o cavity |
RATIO IN CAVITY RATIO

3y 12.26 0.86 1.15
22\g 2.6 0.126

€Co 6.27 . 0.034

1058, 1.02 0.25

1256y 2.76 0.54

Lo 2.065 0.072

19 30.17 1,047

152.1“.155Eu

. | N~
- Trgation Progrsvn {188 Frogroes
Buddomaien cad Repod | Gmedad by KV,
Hod [ 19%e) S Mande, My 192
: QCRL - §$3779- 88
LUNL-
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PARTIALLY CLOGGED FRACTURE
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PARTICLE VELOCITY RELATIVE TO WATER

PARTICLES MOVE FASTER THAN WATER
IF EXCLUDED FROM POROUS REGION

APERTURE = 0.1 cm
- POROSITY = 0.95
CONSTANT PRESSURE GRADIENT

PERMEABILITY, k {cm?)

2.5+
10
17
1.6+
10
1}
10
0.5¢
10 ‘
0_:— = } - $ e
10° 0.2 0.4 0.6 0.8 1

. NORMALIZED POROUS REGION THICKNESS

Karalon amd Voot (anbondied)




TAYLOR DISPERSION IN FRACTURE

OVERALL LONGITUDINAL DISPERSION
U2p?

D, = D, +
L 7% 210D,

D, = BROWNIAN OR MOLECULAR DIFFUSIVITY
10° cm?/s FOR SOLUTE

4x10° cm?/s FOR 1 ym PARTICLE

el




Relative Concentration

BREAKTHROUGH CURVES FOR U = 1 m/d
AND 1 m DOWNSTREAM
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SCHEMATIC OF PARALLEL PLATE FLOW SYSTEM

from clay
stock tank
direction
of flow :
IR Y
r—— constant flow
stock tank g(l::km ‘taonk :
@
pressure Koeddon L W)
transducer :
PARALLEL PLATES - Top View
N \_/



EXPERIMENTAL PARAMETERS

e Parallel plate dimensions:
- aperture, b = 0.026 cm
- width, Wror = 10.2 cm
- length, L = 25.4 cm
* Approach velocity of 184 m/day (flow rate = 3.38 mL/min)
e Montmorlllonite, initial concentration = 500 mg/L
¢ 0.1M NaCl, 0.1M CaCl, 1g/L. NaN3
 Experiment duration of approximately 820 hours
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Channel Width [cm]
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FOR A PARTIALLY CLOGGED FRACTURE
PARTICLE VELOCITY > SOLUTE VELOCITY
PARTICLE DISPERSION > SOLUTE DISPERSION

oo PARTIICLES ARRIVE SOONER THAN SOLUTES

EXPERIMENTALLY, WHEN SOLIDS OCCUPY 1% OF FRACTURE
VOLUME, HEAD LOSS INCREASES BY A FACTOR OF 10

EXPECT COMPLETE CLOGGING IF HEAD LOSS IS CONSTANT
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Characteristics and Mobility
| of Actinides in an
Aquifer in a Semi-arid Region

by

W. L. Polzer
E. H. Essington

Environmental Science Group
Los Alamos National Laboratory

Based on'Cooperative Study
with -
Argonne National Laboratory

W. R. Penrose, D. M. Nelson,
and K. A. Orlandini



Liquid Waste Treatment Process
at LANL

. Addition of iron sulfate and lime

. Precipitation of iron hydroxude and calcium
carbonate




Treated Waste Effluent
Discharge Area

. Shallow alluvium aquifer in Mortandad Canyon

. Storage capacity of aquifer
(20-30) x 103 m3

. Annual storm runoff

(25-125) x 103 m3

. Annual effluent discharge .
~40 x 103 m3 "

. Water movement

~90% subsurface



Monthly Discharge
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Monitoring Access Wells
Mortandad Canyon Shallow Aquifer




Actinide Characteristics

. Concentration

. Distribution ratio

. Oxidation state (Pu)

. lon-exchange properties

. Size fractionation

. Chemical reactivity

. Rate of movement




Surface Sampling Station and Monitoring Wells

in Mortandad Canyon (March 1983)*

Parameter Surface MCO-4 MCO-5 MCO-6 MCO-7.5

Distance 1900 1807 2235 2660 3390
from "
outfall, m |

Depth of 5.2 7.3 12.5 18.6
well, m S

Depth to e 1.2 4.3 9.1 13.1
water, m

Pump 4.4 6.6 11.9 18.0
depth, m

Sampling 4.1 2.8 - 3.8 1.9
rate,
L/min

- *Distances are measured along the stream bed.
(7 \_/ \/



Concentration (mBg/L)
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Characteristics of Aquifer Water

pH
Eh
O2
Oxidation state
DOC

6.4—10.1
>200 mV

>0.3 pg/mL
>90% PufllL,IV]
<22 ng/mL



239,240 Pu
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Low Molecular Weight Organics
Mortandad Canyon Aquifer

Concentration (ppb)

Pyridenes  Natrl prod Phenols Organ acids Alkyl benz
Water (pyridene)  (quaiacol) (phenol)  (isobutyric) (o—xylene)

MCO—4 24 24 23 140 13
Surface 13 14 84 90 94
MCO-o 37 20 28 160 17
MCO-6 2.3 19 - 3R 110 14
| MCO-75 31 16 38 94 | 12
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Distribution of Charged Species
Mortandad Canyon Aquifer

Percent
230240py 2410 11
Water Anionic Neutral Anionic Neutral
Waste 7 94 11 78
outfall |
MCO—4- 2 99 3 o8
Surface 3 93 3 97
‘MCO-5 3 96 17 84
MCO-6 4 o1 46 63
MCO-7.5 8 94 31 a3




Distribution of Anionic Pu
Mortandad Canyon Aquifer

Percent
Water ©  **Pu (ambient) **Pu (tracer)
Background —= 20
Waste outfall 7 13
MCO-4 2 29
Surface 3 ——
MCO-5 3 24
MCO-6 4 - ——
MCO-75 8 56




Distribution of Anionic #'Am
Mortandad Canyon Aquifer

| Percent
Water Ambient Tracer

Background —— 26

Waste outfall 11 6
MCO—4 3 17
Surface 3 20
- MCO-5 17 18
MCO-6 ' 46 18

MCO-75 3t 37




Actinides in Colloidal Size Fractions
Mortandad Canyon MCO—5 Water

Percent
‘Sizga Pu Am
fraction Ambient Tracer Ambient Tracer
0.025um— 87 16 27 41
045um |
100K MW- 10 10 10 4,0
0.0254m |
10K MW— 5 30 2
100K MW -
<10K MW 7 Y -61 28




|Actinides in <100K MW Size Fractions
- Mortandad Canyon MCO-5 Water

Percent
Size Pu Am
fraction Ambient - Tracer Ambient Tracer
10K MW— 43 37 15 50
100K MW .. -
<I0KMW 57 63 85 50




| Actinides in >10K MW Size Fractions
Mortandad Canyon MCO—5 Water

Percent
Size . - Pu | Am
fraction Ambient Tracer Ambient Tracer
0025um— .94 34 70 56
045um .
100K MW— 05 2 2 6
0.025um
10K MW— 55 64 28 38
100K MW




238py to 23920py Ratios in
Mortandad Canyon Samples, - 1982 and 1983

Aquifer water
1982

Suspended sediment
1982

Aquifer water
1983

Suspended sediment
1983

Surface sediment
1983

L

Distance from Qutfall (m)

L | | | | M | |
1807 1900 2235 2400 2660 3180 3390
0.21 0.30 059 5.0

., 0.04 - 059 0.35 0.08
019 077 16 6.8
0.18 038 0.60 - 023

015 0.16 0.25
W, \/



239240y to #**Pu Ratio
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Characteristics of Actinides
in Mortandad Canyon Shallow Aquifer

. Pu > 90% Pu(lll,IV)

. Charge distribution
Predominantly neutral
Some negative charge

. Size distribution

Pu —Colloidal (0.025-0.45 pm)
Am —Colloidal (0.025-0.45 pm)
—Soluble (<10K MW)




Characteristics of Actinides
in Mortandad Canyon Shallow Aquifer
(cont'd)

. Reacitivity (isotopic equilibrium) |
Irreversible—very slow to react
(laboratory and field)

. Rate of movement (relative)
Pu < water (tritium)
(e.g., Pu ~10 times slower than tritium)




